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An organic electroluminescent device comprises: (i) a luminescent 
layer containing a coumarin derivative of formula (I); and (ii) a hole 
implanting and/or transporting layer incorporated with tetraaryldiamine 
derivative of formula (II). 

(I) Rl, R2, R3 = independently H, CN, carboxyl, alkyl, aryl, acyl, 
ester, or heterocyclyl; R1-R3 may link with each other through 
ring-formation; R4, R7 = H, alkyl, or aryl; R5, R6 = alkyl or aryl; R4 
and R5, R5 and R6, as well as R6 and R7 may form bonds via 
ring-formation; 

(II) Arl, Ar2, Ar-3, Ar4 = aryl; Arl-Ar4 contain at least 2 or more 
benzene ring-containing condensed rings or polycyclic aryl groups 
derived from ring aggregate(s); Rll, R12 = alkyl; p, q = 0-4; R13, R14 
= aryl; r, s = 0-5. 

Also claimed are: (1) a similar electroluminescent device with a 
mixed layer containing hole as well as electron implanting and 
transporting compounds, and additionally a doped luminescent layer with 
compounds of formula (I), quinacridone compound of formula (HI) and 
styryl-type amino compound of formula (TV) as dopant; and (HI) R21, 
R22 = independently H, alkyl, or aryl; R23, R24 = alkyl or aryl; t, u = 
0-4; when t or u not less than 2, the adjacent R23 and R24 groups may 
link to each other by ring-formation; (IV) R31 = H or aryl; R32, R33 = 
H, aryl, or alkenyl; R34 = arylamino or arylaminoaryl; v = 0-5; and (2) 
another electroluminescent device with a luminescent layer containing 
at least 2 layers of bipolar-type luminescent layer in which the anode 
side of the layer contains a hole implanting and/or transporting layer 
while the cathode side of such layer with an electron implanting and/or 
transporting layer, and furthermore, this luminescent layer and similar 
luminescent layers may combine and group into a combination of 
luminescent layers with anode and cathode formed as above. 
USE - Such electroluminescent devices may be used e.g. for 
illumination or display. 

ADVANTAGE - The devices give high-luminance emission, enable 
continuous light emission, and have high reliability and stability. 
Realisation of multi-colour light emission is possible. 
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<54)Title: ORGANIC ELECTROLUMINESCENT DEVICE 



(57) Abstract 

An organic EL device wherein a particular coumarin derivative is incorporated into a luminescent layer and a particular 
tetraaryldiaminc derivative is incorporated into a hole implanting and/or transporting layer. Further, a particular coumarin derivative a 
particular quinacridone compound, or a particular styry! compound is incorporated into a mixed-layer type luminescent layer By providing 
two or more luminescent layers including a mixed-layer type luminescent layer, incorporating two or more dopants, and effecting light 
emission from two or more luminescent species, an organic EL device which gives high-luminance light emission, enables continuous light 
emission, and has high reliability is realized Further, multi-color light emission becomes possible. 
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x~;U75 /) h U 7x-Jl/7 5 > (MTDATA) ft£*&£ 2 nm/sec T 5 

Onm©JP££^»U jEnmxmtbrzo 

m^it^mil- 1 0 2©N. N* -y7x-J|/-N, N ' (-4* - 
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5>$>>ft, 2 nm/secT 2 Om©JP£K:&#U jEHm&MtLtt. 

flSMt'&ti I-20Uh'J7 (8-*/ U/7h) 7JI/SX9A (A 
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y^h) TfrS.-Vk&M^&g.O . 2oin/secT 1 OnmO/PStC^L-fc. 

3 MEEtf!££&ofc££, MgAg (SfitblO : 1) £al#ggO. 
2nn/sec T2 0 Onin0Jft$£j&*LTI£ffi£:U &gJI<hL-TA 1 £ 1 0 Onm 

C0EL*^fc*ffi*WiDLT*8E*i&Lfc£c:3. 14V- 8 0 0mA/cm 2 
T 1 0 3 8 0 0 cd/m 2 <DM& <f£ftH;*:&& A max= 5 2 5 nm, x = 0 . 

2 8y=0. 6 8) OJBfttffcRSn, C<7)^«^7;Urf >HB^+T 1 0 

Jfg©¥M8!«l OmA/cm 2 <7)^m^»JT8 9 0 <3D$J$S 1 2 8 8 cd/m 2 , 
ffi»«fl£±#l. 5 V) , «Jffiffft3 0 Ocd/m 2 Ttt4 5 0 <miB]T*ofc. 
<H1KM 2 ) 

0 2O'ftto0 C«*fl:^«II- 1 0 ION, N ' - v7x~;i/-N, N'.-fc** 
- (4' - (N, N-fc'7. (m-t'7iZM 7 5 J k'7 x_;U- 4 - -f ;U) * 

dOEL^^«JEE*PPUPL,T«SSS:SiEtfc<!:^5, 1 4V - 7 5 3mA/cm 2 
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0mA/cm 2 <Z);fc^MSn?8 0 0 ftffl (9 9 8cd/m\ 5gKj^JE±# 
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#8. OV) W^M&3 0 0cd/m 2 T«l 0 0 0 OtflWeaofc. 

%mm i £mmz%?&ttULrc. tctzb, &ytm\z, w^it^m 1-201 

0>ftt>*)\ZWm\l&® I - 1 0 4£J8Hfc. 

COELm^{cmE*91iJ0LTmiJS$tStfctC5v 12 V, 6 2 5mA/cm 2 
T4 0 3 0 0cd/m 2 O*ifi (JS3ttt**ftAnax =5 0 Onnu ft«jfi«x«0. 
2 3y=0. 5 8) 05g»*§gSn, COMfiKjSS^l^n 1 0 0 0 

1 0mA/cm 2 <Z)jfclSi£!fgi(j-e8 0 0 9*18] (6 8 0 cd/m 2 . !£»mJE± 



I 



WO 98/08360 



PCT/JP97/02869 



342 



#2. 5 V) ®%mm3 0 Ocd/VTfcU 0 0 0«f|Bl*ofc. 
<Jt«0U> 

0 2<Dftt>K)\ZN, N ' -fc'T, (- 3-^fJl7x-JW - N, N' -y7i- 
;P-4. 4' -5?7Sy t*7xnji/ (TPD0 0 1) fcfflUfc. 

dOEL*^lcmJEftBllDtT«8l**LfctC5, 13V - 51 8mA/cm 2 
T7 1 7 0 Ocd/m 2 tf>i&fi (f£ftg*&fiAmax= 5 2 5 no. fi£j£gx = 0'. 2 
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<§£3S#I 7 ) 

# 7X2«±C;&5—>u;i/^HR**±A> h«CR - 2 0 0 0 £fflt^T^ 
^iCcfcO 1 MB»td»j«L.^O±K:#i&«3t«ftlR&»±A>h«CT- 1ICB 
AS F3@Lumogen F Red 300£ 2w«»tfLfcfc©*Jfll>TSMj L^-£ LT 5 /t 
mjf (C^fi£t,$6tCC(7)±{C^--A < -D— h£g±A> hfiCT- 1 £ffll^T^ 
ftL^-? LT 1 umm\ZMl&Ltc. Z<D±\Z. JScT 1 0 0 nm<D I TOi^y^ 

SSLfc. 

0, !fefi£3fcjESI*mtt$Btt«;fcifcJUBaxj&<6 3 OnmTSD, AnaxttJfi©*'* 

^(DELm^iznEE^iaLXnm^MVfztZ^. 1 5 V • 6 1 5mA/cin 2 
0 0 0cd/m 2 ©*£ (%3tS^^Amax= 6 0 Onm, &gl£glx = 0. 6 0 

y=o. 3 8) o^»?i^$n, co^tt^jfts^Baa^if i o o o om 

<^J£0J 8 ) 
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T7 9 8 0 0cd/m 2 <Z>*Sfi (fg#S*&g Amax= 5 2 5nn. 5 5 5nm. fiftM 

x = o. 38y = o. 57) <Dmyt*m®2ti> zo&mm®&m&m%*-c 

1 0 0 0 OI5|BJEU:$£LTOfc. JWgWMSBtt 1 0mA/cm 2 C0^m^iljT 7 
0 0B$M (117 3cd/m 2 , &®jmi£±#2. 5 V) . SJfljffg 3 0 0 cd/nrTtt 
4 5 0 0«pWT?»-3fc. 
(HJS0II9) 
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-f h7 + X (-m-k'7x-W -1. 1' - t'7x-jP-4, 4' - v7S 
> (TPD0 0 5) . IfaAiltt^tlthUX (8-*/'J/5h) 
TJRr^A (A1Q3) S«Wi;»[*5fi*0. 5nm/secT^t, 

^fttm%f\ZWfK<k£® I - 1 0 3fc$*3£tt0. 0 0 7nn>/secT?fc*DT4 

0 ninJS<Z>?l£-JI i LT»*l/fc. fiMlCfcHT. T P D 0 0 5 : A 1 Q 3 : ft 
nitt&m 1-103 = 50:50:0. 7 (KJPJt) -t©f$jW**«0!l 

1 tmttKUTJlH^fMJUfc. fc£U MTDATA&ffl^fc]E?LftA«l3lji- 
1*5 Oral*. TPDO 0 5 £Jflfr*fcIE7Ltl&Jltt 1 OnmJP, A 1 Q 3-*:fflV>&« ' 

£©EL*^fc*ffi*WJaLT*«&*Lfc£;:3. 1 8 V • 6 0 OmA/ cm ! 
7?5 4 0 0 0cd/m 2 <D^& (565tff^afeftA.Bax= 5 1 Onm, fiSM^x=0. 3 
0 y = 0. 6 0) ©BfttfWBSft, C©5B3ttttt*a**H«+-ei 0 0 0 0 
P*M£U:5fcjeLTlr>&. 1 OmA/cni^^mSitlKftT-6 0 0 OStPal 

( 1 0 3 0 cd/m 3 , ig«j€E±^2. 0 V) , flj#l«g3 0 0cd/VT«2 0 0 0 
0 AMBIT 

Ottgftl 1 0 > 

3teK0!mc*JHT. !E7LaAl*4 OnmJPt^fifcL. iETLIftiil&T P D 0 0 
5 £;i/?>> (7wtX) t&ffl^T2 OnnOPtC^fiKL, i:®i:K:3B)fel€*Jfi« 9 
£(§l&tCTPD 0 0 5<hA 1 Q 3 tH^fta* I -10 3t*fflrai«t5S 

J10EL^^lcmffi*91iDLTmgtt<&8iiLfcic:5, 1 2 V • 6 5 OoiA/cm 2 
T6 7 6 0 0cd/Di 8 Oife <5fi)ta*»ftAiax= 5 1 0 mn, 5 5 0nm, 
x = 0. 38y = 0. 56) OfgftTWgiSStl, ClCJBJttiieJta^Hft*^ 

1 0 0 0 0I^IHm±$3EUTVife. JlgO^^ttl 0nA/W<D£miJit)£ffjT6 
5 0 0«M (9 0 Ocd/m'. iK$jmEE-h# 2 . 0 V) , 3 0 Ocd/n'Ttt 

2 5 0 0 0P#|H]T&ofc. 
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i%mm i i > 

1Q3) (i^i;m^S0. 5niD/secT^U ^nil^^fC^J 

^tpfe I - 2 0 1 hMmmm*}0, 0 l 5nm/secT£l#LT4OninJ50ig£Ji 

tisTMi&Lfz. m&miz&^T. m^it^mn- i o 2 a 1 q 3 : w^its 

4*1-201 = 50:50:1. 5 (BlJPJt) ^C0(5^«3ISg^ 1 tm 

mzLTm^zftnLtc. ££u urDATA^m^rziEii&Ammmits on 

m@. II - 1 0 2 £ffl^£iE?L$ai£Jf tel OnmJ?, A 1 Q 3 Zm^tzQ?&Amm 

Z\0)ELm : ¥-\zmE.£W1]QLTniM&ffiLtctZZ. 1 3 V • 7 5 OmA/cnr 
T9 8 0 0 0cd/m s Oifi (^S^StS Amax= 5 2 5 nm> filllx = 0. 2 

9 y = o. 6 7) cD^^nig^n, z.m%mm&gmnmn.*-z i o o o o 

^Ki^LT^fc. 0mVcm 2 CO^TOIK»T4 0 0 0 mm 

(1 1 0 Ocd/m 2 , M»mjE±#2. OV) . flJ8!jl?g 3 0 0 cd/VTli 1 8 0 0 

OH^-Cfco*:. 
<^^ij 12) 

I- 1 0 2 <h;P:7»<i:£ffl^T2 OniJ?lC^J&U C©±(C^^1$HM 9 t 

mmizm^t^m i - 1 o 2 1 a i q 3 tm^it-tm 1 - 2 0 1 1 *m ^tmj& 
Tztefrimm\zLTm?*ttmLtz. 

z:<DELm z F\znE.ZWtiabTnffiZmLfztZ.?>. 1 3 V • 9 0 OmA/cm 2 
T 8 0 0 0 0 c4/ia 2 <Dnm& (fS7fc«S*&§ A. max= 5 2 5 nm, 5 6 0 nm, fiSM 
&x=0. 4 0y = 0. 55) OfgftiWIigSft. ;i<Z)f!ftfig;$g3?lgB^* 

t*i o o o o^p B ^±^LTv^ 0 mm<D*tftmzi oj&\/Qa 2 (D^nmmmx' 

6 0 0 0^1 ( 1 0 5 0 cd/m 2 , &®jmEE±# 1 . 5 V) , WWUM 3 0 0 cd/nr 
Ttt2 5 0 0 OlfcMTfcofc. 
(MMM 1 3 ) 
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MM 9. lOfcfc^T, m^it^Ha I - 1 0 3 ©ftfc 0 lc, M^ft^IlI 
<Mfll4> 

§US0fl9> lOfcfcUT, WSft^I-lOaftfeOlc, WRfcfcttlY- I 
<§Hi£0!l 1 5 > 

Mffl 11, 1 2 \Z&^T, ttncftfttt 1-201 OftbD 0iJ^{t-&#MI 
I -1 (+t^'JK» SJH^THfcKlSi^fcfefiU m&Zffi^fztZZ, & 

<M*U 6> 

11, 12 £43V>T, #J^b£^ 1-201 <2ttfc>9 fd, ^J^fb^IV 
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HIM 
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-22) ££tfh'J* (8-*>/'j;5h) (A1Q3) <D%ftZ 

<^nm i > 

ilc? 1 0 0 nmtf) I TOS^i® (US) ( 1 . lmmJP) £, 

fttilfejW. 7-fch>, x*/-jU£m>TM»ife»U it*x^y-ji/+^6 

1 0- 6 Torr^-e^EEtrc. 

N, N' - y7i-;H,N'-t'7 [N-7I-JH-4- h 'J ;i> (4-75/7x 
x;P) ] ^yw> (HIM) StK*aa2nB/secT?5 0 nm<DJ?$ IE 

M,N',N'-Th7^ (-3- t*7xx;U -1-<;U) A>vv> (TPDO 0 5) 
£a£*S&g2nm/secTl 0 nB<D»£K:&*U JEHmmM t Lft. 

SStC h UX (8-+/ U/5h) 7;U5-^A (A1Q3) t^V'J 
i£s£*jig2nm/sec<h 0. 0 2nn/secT#fc*U >«j»#*U . 0v 

MBEtfJ££&ofc£i;. MgAg (Sfiifcl 0 : 1) £|fXK0. 
2nm/secT2 0 0 nm<7)/i£ \ZMM bxmmt U ffiiltLTA 1 £ 1 0 Onm 

5. mytZ^tr b)MD¥fot\i (t?-£5£gtf)¥#(Z>.£<Arf]) {2 7 OnmTifco/c. 
<##fl 2 > 
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0 0M©ITO»9i«a (»&) £*rrs#7*£ffi (l. linmj?) 

1 0- 6 TorrSTMJELfe. 

£^Tr, N,N , -v7x-JU-N,N , -t:-X [N-7 X -JMR- h U ;P (4-75 7 7x 
x;u) ] ^>^v> (HIM) 2 M/secTl 5nM<Dm^\ZMML, IE 

N,N,N'J'-fh7^- (-3-K7iZ^-l--f;W ^yV^y (TPD 0 0 5) 
£sl»iIS2nD)/secTl 5 nm<D/P$ tj^U lEJLISliiJIi Lfc. 

TPD0 0 5i>'J7(8-^ij;7h) 7^5 -7 A (AIQ3) 

5 vo 1 %^tf £ -5 (C 4 0 ni©ff S K#3R# U , jg^Ji * -f 1 £ L Ac. 

COt^ag^jggte, HCO. 05nm/sec. 0. 05nm/se<\ 0. 0 0 0 2 
5nm/sec<hL/c. 

/ 'J;5M 7;U5-^A (A1Q3) £&*JS«0. 2nm/secT5 5nn0JP$ 

SStC, *JEttffi£«t>fc3:3:* MgAg (SSJtl 0:1) ZMmmmO . 
2nm/secT2 0 0 nin©&£ iCjUtlTftSi: U £M£LTA 1 £1 0 Ornn 

<##0J 3 > 

Hi 7. (8-^;'J/7h) 7;i/=-C7A (A 1 Q3) <B385fcX'S* hM04 
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1 0 OnmO I TOmwnm mm) S*f5j!/9X*fi <l. liunJS) 

x l O-'torrtT^JELfc. 

4, 4' . 4" -HJX (-N- (- -N-7 
x~;U7S 7 ) hU7x-;PT5> (MTDATA) «:J!MHS|E2ni/secT?4 0 

N, N, N ' N ' -fh7*7 (- 3-b*7x-;U- 1 ^>->*v> (T 

PDO 0 5) 2 nm/secT? 1 5nn©ff$lcas*U iETL^jiSi Ltt. 

fr^X\ «JEE««*«-3fc**, m?&AftM£©5iftl£LT, h'JX (8 
-^/■J/^h) 7;PS-7A£&sgF>igO. 2nm/secl?7 Onoi<2/P£{Cag*L 
fc. 

«JE«J8*«o*:**, MgAg (MJtlO : 1) ^IflSO. 
2nm/secT2 0 Onm©# ZlzmMLXfemt U MltlTA I £ 1 0 Onm 
if LELmifc. 
H4^6t>^*«k"5K:, h'JX (8- *7 V J y h) TJ^Z^A (A 1 Q 3) 

<%W\ 1 7 > 

1 0 0m©ITOS9JM (M) £#T5#77>g£ (1. lmmJfE) 
fftSfcS'K 7irh>, x^y-^*ffi^Tjfi*»i5fe»L, *t»x^/-^+*»6 

1 (r 8 Torr£T$EL£, 

N.N'->*7x-;U-N.N'-t:7. [N-7x-JH-4-h'J;i/ (4-7 5 / 7 x 
XJl/) ] ^>vv> (HIM) £s83&&g2nm/secT*5 Onii0J*2ClK*U IE 
TUxAJItLfc. 
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N,N,N , ,N'-fh7^- (-3-fc'7x-;i/-l~Ol,) ^>vv> (TPD 0 0 5) 

TPD0 0 5ih'J7 (8-*y>J/5b) 7;U5-^A (A1Q3) 
t&tiftUttfii : lt^^i^t:, *o;uyu> (M^it^i - 2 2) £2. 

5 voi%^tr«fc-5 2 orua<Dm2\z#mmL*mtrm*'( 1 n&ytmt Ltz. 

Z.<DtZ<DMmmmteMlZO. 0 5nm/sec, 0. 0 5nm/sec> 0. 0 0 2 5 nm 
/seciLfc. 

TPD 0 0 5<i:AlQ3<!:£#iBtt:#l : l£teZ£?iz. ^?7'J 
>SI^#©^J^t^I - 1 0 3*1. Ovol%^cfc^{C2 Onm(DJ?${c*^» 
U ^£!*<:/©£2CD5£ftJI<i:L£. Z.<DtZ<Dm%mmteM\ZO. 0 5nm 
/sec, 0. 0 5nm/sec, 0. 0 0 1 nm/sect LTz, 

^J£#;li£&^fc£3;, m^ftAH^3tS<tLT, MJX (8- * 
SVJzrh) 7)V$-V& (A1Q3) Zmm&mo. 2nm/secT5 Onn]0J?£ 

IZM^L fz, 

MgAg (SSJtlO : 1) £j^j$gO. 
2nm/secT2 0 0 nm(Dj?$ fc^# LTlSSi U &ISJI<hLTA 1 £l 0 Onm 

Z<DmmELm?lzmEE*Qimi,TnffiZtiiLLtztZ.?>> 10V- 5 0mA/cnr 
T5 0 0 0cd/m 8 ®3m£ (^7fe@^S Amax= 5 6 Onm. 5 0 Onm, BmmU 
x = 0. 39y = 0. 5 5) ®|§ft#5fclg£tt, £ ®fgftte&$7;i^>3?Hm 
*T1 0 0 0W B m±$:fc\.T^1z. mm^^<Dih^^W&it±<tt 

fr^tz. mm<D*mmti ou/cm 2 <D^mmmw]mwiv4 oooohr mm 

mm l 0 0 Ocd/m 2 , «0«IJKMJE7. 2V, Sg»mi£±#3. OV) T-hitz. 
H5fc$B3fc*^47 MU£*T. 0 5ctO. *v U >f&m&t)\,Zf U>&£ hiz 

# (5 10m) /;P7U> (5 6 Onm) ttO. 6 5T?*ofc. fgftX^ 
b)KD*mt\l <D®mO*ft<D&<Di\i) ttl 2 OnraTifcO, ?V'J> 
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<tt««7> 

USSflll 7lCfcV>T, TPDO 0 50jE7LH3IS*^Lfc©^ % A .1 Q 3 t 
)V7U>tf?V>tZ&MMm&0. lni/sec. 0. 0 0 2 5 rim/sec, 0. 0 
0 lnm/secT«*U ;U7U>£2. 5volX. i7 T 'J >gga»#£ 1 . Ovol% 
*tf«^jaitt©563ttJi*4 0iinlPK:»*U, ^O&A lQ3©lfaAiII 

<ittt«8> 

Jt&0iJ 7 KfcHT, fg)£JItf>*X htWS A 1 Q 3 Ofrt> K) \ZT P D 0 0 5 t 

Ltz]Ejim&&<D%ytm*&&?2> m^mm\z Lx#m e l m=?*mz. 
<&$m 9 > 

nmmi 7 \z&^x. tpdoo soiEn^m^m^rcoy^. a 1 Q3 1 

;^U>^SlfiKO. lnm/sec. 0. 0 0 2 5 nm/secT?#^*U Jl/^U> 
$2. 5 vol %^tf*^«53££<Z)fgft«£ 2 OnnffKUBfcU Z t>\ZZ\<D±\ZA 1 
Q 3 t^T'J >g§5£#£S-^ifjIgO. lnm/sec. 0. 0 0 1 nm/secT#&*U 
^ V 'J 1 . 0 vo 1 X^trtTF *iStt©563tl £20 nnglcjgj£ L.*<D 

&A 1 Q3<D«^ffiAffi2l«S5 Oni#k:»dtT*tf^«iaittK:LTW«EL* 

CO<i:#OC/RttO-e«>0. SOttX** h>l/0>¥ttr|itt7 OnmT&o 
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<Jttt0UO> 

1 1 > 

mmi7iZ^X, TPDOO50jEfttt£j|t*j*lfc0£. TPD0 0 
5 tJP:/lx>£&^5f jggo. lnm/sec. 0. 0 0 2 5ni/secT#&*U 
U>*2. 5volX^tfjE?Lliaitt©«3ttJiS2 OnnfffcJB&U *UTJA 1 Q3 
t^TU >8$#£&&3H£&0. lnm/sec, 0. 0 0 1 nm/secT#&*U ^ 
"7'J>8i^l. Ovol&.^tf*^*IM£<Z)fS3feJI£2 OnnffKUIM&U 

£©#«EL*^K:«EE*WtaLT*«£»tL&i:;::5, 12V- 5 0mA/cm 2 
T4 5 0 Ocd/m 2 CDH&£ <56Jt«*ttRABax=» 5 6 Onm, 5 1 Oniu 
&x = 0. 42y = 0. 54) OSBfo&HM&an. C©»3tttttj»7;U^>»H 

?tzwz. mm<D*mm*i oak/ce^nmmwjmmxi oohr (tomni 

^1 0 0 Ocd/m 2 . &migSfr«JE 6 . 5 V, mWl^E.±W3. 0 V) 

b\za%iTtezz\tifit)fr2>. h;ntc/R«o. 57? 

<HiS0J 1 8 > 

SMt«17k:*^T. TPD 0 0 5©IE?Llft£*£#j£Lfc<B"&, TPDOO 
5 <hA 1 Q3^JU^U>S#ilS»aflgo. 0 5nm/sec. 0. 0 5nm/sec. 0. 0 
0 2 5nm/secT*&ii£U TPDO 0 5 : A 1 Q 3 # 1 : 1 fcfcD. 
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2. 5vol%^£*l5*g£JI*-f Zf<DWjtm*2 OnullC^i/fc, *UTA 1 Q 
3 i^T'J >^@#££-j&»;igO. lnm/sec, 0. 0 0 1 nm/secT&j&j* U 
£"7>J >^g&£ 1 . Ovo!X£tT«?fl2ltt©SB}teJg€2 0 nm/PC^/fcU •£■© 
iAlQ3 ©m^&A^i£l£ 5 0 uVKMrSISfrttmitlC LTtiELi 

T4 0 0 0cd/m 2 ©ftlife (5S.3fc«*»fiAnax= 5 10u. 5 6 Onm, 
x=0. 42y = 0. 54) ©fSWmiSStU Z.<Dft%\$&tik7 )\,3>%.M% 
«t"Tl 0 0 OI5IB!fit±£j£LTV>fc. ffl«-W*583t«BoaSis«ktKfifefitt±<3Q: 
T^ofc. 0mA / /cm 2 O^mSS!Sgillffi|l!lT4 0 0 0 Oh r (#J$1 

Ml 0 0 Ocd/m 2 . 3J3»8Sgiimm6. 9 V, IMM|JE±#3 . OV) TSofc. 

01 1 icaawt* h;p«*-r. hiuo, *?w>imw£fr7\'>ifi£ 

h\Z%ytLT^ZZttft>frZo d©«£©?£ftX^? HUtC/RteO. 4 2 
TSofc. $&¥*mttl 3 OnmT&ofc. 
<§H&0ill 9> 

7fc:feV>T. S£Ji**7©£l:fe«fctf82©fg3fcJi©*Zh$m© 
TPD0 0 5tA 1Q3OMMTPD0 05 /A 1Q 3 = 7 5/2 5 £&5 
«fc5K:TS»3tt»«H«fcbTWaEL*^£#&. 

£©#*EL*^fc*JE*ftiDLT*ift£«L&£;i3. 1 2V- 5. 0 mA/cm' 
T4 1 0 Ocd/m 2 ©HJife (Sg7£ffi*i££ Amax= 5 10m, 5 6 Own. fiftjffiS 
x = 0. 32y=0. 58) ©SgftATOBSn, d©«*tttt*7;V^ >£H& 
tTl 0 0 <miH]EU££L-0>fc. »a«#»fta©ffiSJ£«fctfj£fttt£<fc 
frofc. »«©¥»«lttl 0mA/cffl 2 ©^m^igfl^ilT-3 0 0 0 Oh r (TO 
??g9 0 Ocd/m 2 . fi)MVMjE7. 2V. IgIbmJE±#2. 5 V) Tfcofc. 

hi 2»c583t^^^h;u*sr. ai2j:o, u >mmfttb7 V >1fi± 

*>\Z%ytLTKZZ.tifit>frZ. C©«-&©fg5tX^i7 hJHtC/Rttl. 4T' 
fcofco *&**r&ttl-2 OMTfcofc. £©J:5 CE£J1©#* htttfOJt* 
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<HJfi^J 2 0 > 

TP DO 0 5£A 1 Q3O#:|aj±£TPD0 0 5/A lQ3 = 6 6/3 3 £&5 

Z<D%mELm?\znEEZW1®LTnffiZmLtctZZ, 12 V 50mA/cm 2 
T3 5 0 Ocd/m 2 <DHIifi (5SftS±&£ Amax= 5 1 Onm> 5 6 Onm, feg&gi 
x =0. 34y=0. 57) OftftAmmtS tl. Z\(D^\m^T)lW>nm^. 

*ti o o ommu±£feLT^tz. mft#}#%yt®<Dftm&&zffc&u±<t£ 
fr-otc. wgc^iniii omk/cm 2 (DMmmmwjmmx-2 oooohr mm 

»g 9 0 0cd/V, #JMIfrmE7. 3V, SEimEE±#2. 5 V) T&^fc. 
hiz%ytLT^Zzt#t>fr%, HPttc/Rfii. 4T 

<^mm 2 i > 

^WJl 7K*5HT, ^£Jl*<;/ca$gi££tf$g2(D5§7tjI<Z)*7; 
TPDO 0 5 tA 1 Q3tf>#«ifc£TPD0 0 5/AIQ3 = 2 5/7 5 ttzZ 

ZnGmELm^zn&ZWmLTmffiZffiLtztZiZ* 12V- 5 0mA/cm 2 
T4 2 0 0cd/m 2 <D||&fi (5§3t^&^ Amax= 5 1 Onin. 5 6 Own, -feg^ 
x = 0. 47y = 0. 51) OfgfttfJiglSSft, ^©%7t«S^7;i,rf >^g^ 
*T1 0 0 OmmSlt&feLT^tc. ®ftM¥?ZX®<DmJ%&£tf 

®S9 0 0cd/m 2 . . 5 V, &Sj«JE±#2. 5 V) -e&o£. 

fctC^ftLT^SCl^frfr*. ZW^VftftT.^ Ml'itC/RteO. 2 5 
Tfcofc. ^7t^Mrtitt8 OnmT&ofc. *g£Jf<Z)*7. htmott 
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f $ (0 {g | 

i. ream T*$n§^T»j>K«#:s^wr^^it, tescodt 



N 



? 3 


? 2 










R 7 





(I) 



7U-;m, 7->;us, x*x;i/«£fctt«*i&***u cneii 

Tt>«fcV>. R^cfcffRrtt&^TlcJSS^ 7;i/*;US££«:7 I J-;i/g£SU 
R.*J;^R6tt^7;WU«*fctt7'J-;USSaL, R*tRs. R 5 tR t i5 
£tfR«£R7«&4S:^£jg£LTSIt£^j7$LTfcJ;V>. ] 
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[£(II)«f, Art, Ar 2 , A r 3 i5«fctfA r <it&*7 U -^g£3EL, Ar, 

teSR££# £SfS$n5£Si©7 'J -JUST**. R . R . ittft* 7;u* 
■;i/***U p*J:tXqtt#*0*fcW;i'-4OfiEft"e*5. Ri3*«fctfRi«tt 

suites (i) T*$n«^TU>«»#. tbs din -e*an****u 

H>ft*«*fcH:TEa (IV) T^$n5*?'J;^7S><k£4&£K-A>h 



R.. Ri**tfR*H****«*. i/7/S, 7 

7'J-jps. 7">;us, x^x^s*fc««*5iss»t..cn&tt 

R,*J;a{R.tt#*7JWl'»*fctt7U-Jl/»**L» R.diRs, RstReS 
J:r/R.tRTtt#*S^C»^tTH«r»J«bTt>«fc^. ] 




(I) 
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(R23)t 




(III) 



[5t (III) <K Rai* < fc^R2ittft*7K*R^F, 7JWU**fctt7U-;i/S 
Ctt&ttRI— Tt>S&*fe©T*oT'b«fc^. Raj*5«t«^R 2 4(iS-^7 

^;ussfe«7U-;PS^L, t^utt**osfctti-4©sfti?» 



[5£ (IV) 4», R»il;ta*M**fctt7U-Jt'S**"r. R»2*i«R»itt7ic* 
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